Chicken breasts were battered and breaded using batter solutions of different surfactant (Tween 80) levels (0, 2.5, and 75 ppm) and batter mix to solvent ratios (1:1.5, 1:2.2, and 1:3). The battered and breaded chicken breasts were fried at an initial temperature of 160 C for 240 s. The fried products were then analyzed for yield parameters (coating pickup, cooking loss, and cooked yield), moisture content, fat content, and coating adhesion. Contact angle of the batter solution with raw chicken meat was also determined, and was found to significantly ( p < 0.05) decrease with increasing levels of surfactant as well as decreasing batter mix ratios. The level of surfactant did not have a significant effect on yield parameters or moisture content of the coated product; however, surfactant level did have a significant effect ( p < 0.05) on fat content and coating adhesion. The high fat content of coatings with higher surfactant levels was attributed to the lower interfacial tension between the frying oil and coating. Higher fat content in the coating was suggested to be the cause of higher coating loss during shaking in the coated products. The batter mix ratio was found to have significant ( p < 0.05) effects on all parameters, with the exception of the moisture content of the middle region and cooking loss.
INTRODUCTION
Breaded coatings are widely used to enhance the appeal of food products. A primary role of coatings is to provide an attractive appearance. [1] Suderman [2] stated that consumers consider the appearance of battered and breaded products to be an important factor in assessing desirability of the product. In addition, batters and breadings serve as a moisture barrier, which results in higher moisture retention and lower weight loss. [3] Increased moisture retention also enhances the juiciness of the breaded product, as reported by Baker et al. [4] Several researchers have explored the relationship between coatings and the properties of coated products. For example, Hale and Goodwin [5] reported no difference in taste panel scores when egg white was substituted with 2% hydroxy propyl methyl cellulose in the batter formulation. Suderman et al. [6] studied the effects of adding various gums and proteins to breading mixes used on broiler drumsticks. Among the gum additives, they found that coating adhesion was improved by addition of CMC, but not by guar, tragacanth, or xanthan gums. For the proteins, adhesion was improved by the addition of gelatin or egg albumen, but not by whey, soy, or skim milk proteins. Olewnik and Kulp [7] found that breading adhesion was increased as the protein level of flour was increased from 7.1 to 12.1%. However, as the protein level was increased, crispness increased, and the batter absorbed more oil and retained less water during frying. Parinyasiri and Chen [8] reported that breaded chicken nuggets with low protein breading flour had greater breading pickup than those with high protein flour. However, they observed that the lower the protein content of the flour, the greater the concentration of suspended breading in the frying oil.
Apart from coating composition, rheological properties of the batter used to form the coating have also been reported to affect the properties of the coated product. Through experimentation with different water to solids ratios of batter, Cunningham and Tiede [9] observed enhanced breading pickup and adhesion with increased batter viscosity. In addition, similar effects of viscosity on the yields and adhesion of coatings to chicken nuggets were reported by Hsia et al. [10] The flow characteristics of a solution on a surface depends, among other factors, on the viscosity and surface tension of the solution. For example, solutions of lower viscosity flow more readily over surfaces. In addition, lower surface tension allows more wetting of the surface by the solution, resulting in a higher degree of spreading. [11] The surface tension of liquids can be lowered using surfactants, as has been described by other researchers. [12, 13] The objective of this research was to determine the effects of surfactant levels and batter mix ratios on the properties of battered, breaded, fried chicken breasts. To characterize the batter, we determined both the surface tension and viscosity. To assess the effects of batter composition on the breaded, fried chicken breasts, we measured moisture content, coating adhesion, yield parameters, and fat content.
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MATERIALS AND METHODS
Surface Tension
Solvents were prepared by mixing the surfactant Tween 80 (polyethylene sorbitan mono-oleate) (Sigma Chemical Co., MO, USA) with water at concentrations of 0, 2.5, and 75 ppm. The surface tension of these solvents was then measured, based on the Du Nuoy ring method, with the use of a surface tensiometer (Model 111, Fisher Scientific Co., Hampton, NH, USA). In this procedure, 100 mL of solvent was placed in a glass container with a diameter of 6.0 cm. The Iridium-Platinum ring was then lowered into the solvent, to a position just below the solvent's surface. Force was applied to pull the ring from the solvent, and the maximum force needed to remove the ring from the solvent was recorded. To obtain the surface tension, the force value was multiplied by a correction factor supplied by the manufacturer. Three replications were performed for each surfactant concentration.
Batter Solution
Dry batter mix was prepared by mixing cornmeal, wheat starch, and Batter-Up Õ F modified starch (A.E. Staley Manufacturing Co., Decatur, IL, USA) at a ratio of 1:1:1, by weight. A batter suspension was prepared by mixing the dry batter mix with each of the aqueous surfactant solutions at ratios of 1:1.5, 1:2.2, and 1:3 (w/v). Viscosity of the batter solutions was measured using a Brookfield viscometer (Model LVTD, Brookfield Eng. Lab Inc., Stoughton, MA, USA).
Contact Angle
A section of raw chicken meat was placed on a platform, and a drop of batter was placed on the section of chicken. A digital camera, fitted with a 10X lens and connected to an Apple Quadra 660AV computer, was used to capture the image of the angle between the drop and the chicken meat. The contact angle on both sides of the drop was measured from the image. Three replications of this procedure were performed for each combination of surfactant level and batter mix ratio.
Sample Preparation
Fresh chicken breasts, with skin intact, were obtained from Goldkist Inc. (Athens, GA, USA) and stored at À20 C. Before use, the chicken breasts were thawed at 5 C for 24 h and the visible fat was removed from the chicken breasts. Chicken breasts were immersed in batter solution, containing surfactant, for 15 s, and subsequently drained for another 15 s. The battered pieces were then placed into a cylindrical container containing 50 g of a commercial crackermeal breading (Dixie Lily TM , Dixie Lily Foods, Nashville, TN, USA), and shaken for 1 min.
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Coating pickup was determined from the weight of the chicken breast before and after breading (Eq. 2).
Battered, breaded samples were fried in 2.5 L of vegetable oil (BI-LO Inc., Mauldin, SC, USA) at an initial temperature of 160 C for 240 s using an electric multi-cooker (PRESTO, National Presto Ind. Inc., EauClaire, WI, USA). The fried samples were cooled at room temperature for 20 min.
Moisture Content
Moisture content was measured by assessing the weight difference of the samples before and after drying in a vacuum oven at 100 C for 24 h. [14] Samples from the coating, surface, and middle regions of the fried chicken breasts were obtained, and the moisture content measured. The coating region consisted of the layer formed by the batter and breading applied to the chicken breasts prior to frying. The surface region was defined as the layer of the chicken meat from the surface of the chicken breast to a depth of 2 mm. The middle region consisted of the portion of meat greater than 2 mm from the surface. A 2 Â 3 cm sample with a thickness of 2 mm was used to obtain measurements from the surface and center regions of the fried chicken breasts. All measurements were taken in triplicate.
Coating Adhesion
An orbital shaker (VWRbrand, VWR Scientific Products, West Chester, PA, USA) was used for measuring coating adhesion. Breaded, fried samples were placed on a sieve with a mesh size of 1/4 in (6.3 mm) that was attached to the shaker. Samples were shaken for 3 min at 350 rpm, and the lost coatings were collected in a pan and weighed. Measurements were performed in triplicate for each treatment, and percent coating loss was calculated according to [15] : weight of lost coating weight of cooked sample Â 100 ð1Þ
Yield Parameters
Yield parameters were calculated by measuring the weight of the raw chicken breast (I ), weight after battering and breading (C), and weight after frying (F ). Calculations of the yield parameters were performed according to the equations:
Cooking loss ¼ ðC À FÞ=I Â 100
Cooked yield ¼ ðF=IÞ Â 100 ð4Þ ORDER
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Fat Content
Fat content was measured using the Soxhlet apparatus. [16] Samples were extracted in petroleum ether for 6 h. All samples were analyzed in triplicate.
Statistical Analysis
Statistical analyses were performed using ANOVA and Duncan multiple range tests (SAS Institute, Cary, NC, USA). In all analyses, the probability level used was p ¼ 0.05. Varying the ratio of batter mix to solvent produced varying batter viscosities. In general, with increasing concentrations of batter mix, viscosity also increased significantly ( p < 0.05), as shown in Table 1 . Cunningham and Tiede [9] also observed similar increases in batter viscosity with increasing batter mix concentrations. However, varying surfactant levels did not produce any significant differences in viscosity. Interaction between surfactant levels and batter mix ratios was not statistically significant. Figure 2 shows the mean contact angle values of batter on the surface of chicken meat. Batter mix ratios, surfactant levels, and interactions between batter mix ratios and surfactant levels were all found to be statistically significant ( p < 0.05). Between batter mix ratios, the contact angles decreased with decreasing batter mix ratios. This decrease in contact angle is due to the enhanced flowing ability of the batter caused by the decrease in viscosity. Lower viscosity allowed for increased flow and spreading of the batter, resulting in a lower contact angle. Significant differences ( p < 0.05) in contact angles can also be observed between different levels of surfactant. Increased levels of surfactant in the solvent used for the batter resulted in a significant ( p < 0.05) decrease in contact angle. However, the decrease in contact angle is reduced as the batter mix ratio decreases. At a 1:3 batter mix ratio, no differences were observed in contact angles between the surfactant levels. Table 2 shows the mean values of yield parameters as affected by surfactant levels and batter mix ratios. No significant effects on coating pickup were observed between the means of different surfactant levels. The effect of batter mix ratio was found to be significant ( p < 0.05) for coating pickup. Higher batter mix ratios produced higher coating pickups. Cunningham and Tiede [9] also observed similar 
RESULTS AND DISCUSSION
Batter Properties
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ORDER
REPRINTS
results. Higher batter mix ratios produced higher viscosity, which contributed to the higher coating pickup. Interaction between surfactant level and batter mix ratio was not significant for coating pickup. The effects of surfactant level and batter mix ratio on cooking loss are also shown in Table 2 . Both surfactant level and batter mix ratio failed to have any significant effects on cooking loss. Table 2 also shows the effects of surfactant level and batter mix ratio on cooked yields of coated chicken breasts. Surfactant level was not shown to have any significant effect on cooked yield; however, batter mix ratio was found to have a significant effect ( p < 0.05) on cooked yield. Multiple comparisons between means showed significant ( p < 0.05) difference in cooked yield between the 1:1.5 and 1:2.2 batter mix ratios against the 1:3 batter mix ratio. Lower batter mix ratios produced lower cooked yield. No significant interaction between the treatments was observed. In general, yield parameters were not affected by surfactant levels, but were affected by batter mix ratio, with the exception of cooking loss. These results suggest that viscosity of the batter is more significant than surface tension in contributing to the coating pickup and cooked yield values of coated chicken breasts. Table 3 displays the effects of surfactant level and batter mix ratio on the moisture contents of different regions of the coated product. No significant effect was observed in the coating moisture content between different surfactant levels. Batter mix ratio was, however, found to significantly ( p < 0.05) affect coating moisture content. Higher batter mix ratios resulted in higher coating moisture contents. Interaction between the surfactant level and batter mix ratio was not significant. Effects of surfactant level and batter mix ratio on the surface moisture content of coated chicken breasts are also shown in Table 3 . Similar to the coating moisture content, only batter mix ratio showed a significant effect ( p < 0.05) on the surface moisture content of the coated chicken meat. The use of higher batter mix ratios produced higher surface moisture contents. Both surfactant level and interaction between surfactant level and batter mix ratio failed to show any significant effects on surface moisture content of the chicken meat. 
Moisture Content
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The effect of batter mix ratio on the surface moisture content may be attributed to the barrier properties of the coating. Kimber and Holding [17] stated that, apart from the sensory properties of coatings, coatings also serve as a barrier to moisture migration. Higher batter mix ratios translate to higher amounts of batter mix per volume of batter, which produces a more complete coating and better barrier to moisture migration. Consequently, a higher surface moisture content was measured when a higher batter mix ratio was used. Table 3 also shows the effects of surfactant level and batter mix ratio on the moisture content of the middle region of coated chicken breasts. Specifically, both surfactant level and batter mix ratio failed to produce any significant effect on the moisture content of the middle region. The observed results may be due to the location of the middle region, which was relatively far from the surface, thereby not significantly affected by the differences in moisture migration. Table 4 shows the effects of surfactant level and batter mix ratio on the coating fat content of coated chicken breasts. The effect of surfactant level was found to be significant ( p < 0.05) for fat content of the coatings. Increased surfactant level was shown to correspond to increased fat content. These results may be explained by lowering of interfacial tension between the frying oil and the coating. Lower interfacial tension results in higher absorption of frying oil by the coating due to the lower resistance towards absorption. A similar observation was reported by Pinthus and Saguy [12] ; they observed that potato products absorbed higher frying oil after being immersed in surfactant prior to frying. Immersion of the potato products in surfactant reduced the interfacial tension between the frying oil and the potato products. Batter mix ratio was also found to have a significant ( p < 0.05) effect on the fat content of the coatings. Lower batter mix ratios resulted in higher fat content of the coatings. No significant interaction between surfactant level and batter mix ratio was observed.
Fat Content
Adhesion Table 5 shows the effects of surfactant level and batter mix ratio on coating adhesion. Both surfactant level and batter mix ratio have significant effects ( p < 0.05) on coating adhesion of the products. Higher surfactant levels resulted in decreased coating adhesion, an observation which is in apparent contradiction to the common understanding that a lower surface tension produces better contact, thereby increasing adhesion. [11] This decrease in coating adhesion with increasing surfactant level may be due to the higher amount of absorbed oil in the coatings. Loewe [18] reported that oil has the ability to tenderize coatings of coated products by lubricating and interacting with other components of the coating. In addition, coating adhesion decreased with decreasing batter mix ratio. As the batter contributes directly to the formation of the coating, a lower batter mix ratio, containing a decreased amount of batter mix per volume, possibly results in weaker coating adhesion. Similar results were also obtained by Cunningham and Tiede. [9] No interactions between surfactant level and batter mix ratio were observed for coating adhesion.
CONCLUSION
Surfactant levels were found to affect the interaction between the batter and chicken meat. Higher surfactant levels significantly ( p < 0.05) reduced the contact angle between the batter and chicken meat. However, at a lower batter mix ratio, no difference was observed in the contact angle between the surfactant levels. Only fat ORDER REPRINTS content and coating adhesion were significantly ( p < 0.05) affected by surfactant level. Increased surfactant levels significantly increase ( p < 0.05) fat absorption of the coating as well as reduce coating adhesion. This decrease in coating adhesion seen with increased surfactant levels was attributed to the higher absorption of frying oil by the coating. All parameters, with the exception of moisture content of the middle region and cooking loss, were significantly ( p < 0.05) affected by batter mix ratios. Coating pickup and cooked yield decreased with decreasing batter mix ratios. Lower moisture contents were observed in the coating and surface region of samples with lower batter mix ratios. Lower batter mix ratios also produced higher fat absorption, but decreased coating adhesion. Overall, even though the surface tension of the solvents does affect the interaction between the batter and chicken meat, as shown by the contact angle values, viscosity was found to be more critical to the properties of battered, breaded, and fried chicken breasts.
